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INTRODUCTION
The order Malvales comprises 10 families with approximately 337 genera and 6.000 species (APG, 2016) . Fig. 1 (adapted from StevenS, 2001) represents the phylogenetic relationships between families in this order (APG, 2016) .
Species are of cosmopolitan distribution, with many examples in tropical regions and a reduced number of species in temperate zones. Madagascar and tropical South America are rich in endemic species of this order. Tropical South America has the largest diversity of plants of any region on the Earth (Wilf et al., 2003) and places like the tropical Andes are considered one of the most important hot spots in which we can find the highest numbers of taxons in the word (MitterMeier et al., 2011; Gutiérrez et al., 2017) . Attending to habit or life-form, the subfamily Malvoideae Burnett is one of the most diverse families as subshrubs in the megadiverse countries such as Ecuador (JørGenSen & león-Yánez, 1999; neill, 2012) and in the ecosystems such as Equato- Fig. 1 . Phylogenetic tree of the order Malvales showing relationships between ten families (adapted from Stevens, 2001) rial Pacific Dry Forest. The Malvaceae Juss., sensu lato was the second most important family attending to the number of genera, species or endemism (linares-PaloMino et al., 2010) .
The diversity of life forms including trees as well as shrubs, herbs and parasitic plants makes this order interesting for the investigation of the relationship of seed shape with plant ecology, structure and life cycle. In particular, we aimed to investigate whether cardioid shaped seeds were more frequent in herbs than in trees.
The Malvaceae is the largest family in this order including now the old families of Bombacaceae Kunth, most of the Sterculiaceae Vent. and Tiliaceae Juss., constituting the core Malvales (BaYer et al., 1999) (Prota, 2008) .
Seed shape is an interesting criterion for taxonomy, and it has been used for example in the Caryophyllaceae (Minuto et al., 2006; sukhorukov et al., 2015; DaDanDi & YilDiz, 2015) and in the Orchidaceae (Clifford & SMith, 1969) . The application of morphology to classification requires quantification. In recent years we have established a method for seed shape quantification based on the comparison of seed images with geometrical figures (CervanteS et al., 2010 (CervanteS et al., , 2012 . In some plant species, seed images give high percent of similarity with simple geometrical figures such as the ellipse, ovoid and cardioid allowing seed shape quantification for comparative purposes.
The method of seed shape quantification has been first applied to seeds of Arabidopsis thaliana (L.) Heynh. (Cervantes et al., 2010) as well as to model legumes Lotus japonicus (Regel) K. Larsen, and Medicago truncatula Gaertn. (Cervantes et al., 2012) and seeds in other plant families such as Capparis spinosa L. in the Capparaceae Juss. (saadaoui et al., 2013) , Jatropha curcas L. and Ricinus comunis L.
in the Euphorbiaceae Juss. (saadaoui et al., 2015; Martín-GóMez et al., 2016) , Rhus tripartita DC in the Anacardiaceae R. Br. (saadaoui et al., 2017) and Olea europaea L. (Oleaceae Hoffmanns. & Link; hannaChi et al., 2017) . Recently, the method has been applied to the analysis of seed shape variation in the order Cucurbitales Dumort. (Cervantes & Martín GóMez, 2018) . The hypothesis of depart based on previous work is that there is a correlation between seed morphology and plant form, in which small plants with rapid life cycles such as the model systems Arabidopsis, Lotus and Medicago have seeds more related to the cardioid than larger, more complex plants in their families. To investigate further this relationship we present here an overview of seed shape in the Malvaceae quantifying seed shape in diverse genera and species of this family by comparison with the cardioid. The Malvaceae contains herbs, shrubs and trees. The diverse life forms in the family allow investigating the relationship between seed shape and plant form.
MATERIALS AND METHODS

Seed image analysis
Seed images were obtained from seed image databases and photographs from our seed collections at IRNASA-CSIC (Salamanca, Spain) and Ecuadorian Amazon Herbarium (ECUAMZ) located at Postgraduate Research Centre for Amazon Conservation (Napo, Ecuador). Tables 1 and 2 contain the sources of information related respectively to plant form and the sources for the seed images analysed in Tables 3  and 4 . In addition, seeds of Cochleospermum vitifo lium and Helianthemum chamaecistus were obtained from Universidad Nacional Autónoma de México (CIEco) (http://www.oikos.unam.mx/) and Herbarium (PE) Institute of Botany, Chinese Academy of Sciences (http://pe.ibcas.ac.cn/).
Image analysis
The cardioid was the geometric figure used as model for the comparison and quantification of seed shape. Composed images containing the cardioid and each seed were elaborated using the software image Corel PHOTO-PAINT X7. Quantification of areas was done with Image J (Java Image Processing Program). To obtain the J index, the areas in two regions were compared: the regions shared by the model and the seed image (common region, C) and the regions not shared between both areas (D). The index of adjustment (J index) was defined by: J = (area C) / (area C + area D) × 100, where C represents the common region and D the regions not shared (Fig. 2) . J is a measure of seed shape, not of its area. It ranges between 0 and 100 decreasing, when the size of the non-shared region grows and equals 100, when the geometric model and the seed image areas coincide, i.e. when area (D) is zero. Similarity was considered, when the J index values were over 90.
The geometric figure used as a model was the cardioid, and the values of the J index given for each species were the means of measurements done on different seed images (between one and twelve seed images per species; the number of images used per each species is indicated in Tables 3 and 4) . Seed shape was analysed in 10 families of the order Mal vales. The number of genera (and species) observed were: Bixaceae Link, 3 (4); Cistaceae Juss., 8 (70); Malvaceae, 52 (118); Neuradaceae Kostel, 1 (1), Thymelaceae Juss., 5 (43), Sphaerosepalaceae Warb. Tiegh. ex Bullock, 1 (1), Sarcolenaceae Caruel, 1 (1), Dipterocarpaceae Blume, 4 (18), Cytinaceae A. Rich., 1 (1) and Muntingiaceae Bayer, Chase & Fay, 1 (1).
tected in seeds of Helianthemum chamaecistus Mill. (Fig. 3, right) . In the Malvaceae, seed shape was investigated in a total of 52 genera (118 species) and similarity to the cardioid was detected in eight genera of these. In Tables 3 and 4 , the results are presented by subfamilies.
Seeds observed in eight subfamilies (Bombacoideae, Brownlowioideae, Byttnerioideae, Dombeyoideae, Grewioideae, Helicteroideae, Sterculioideae, Tilioideae) did not present similarity to a cardioid. Most of species in these eight subfamilies were trees or shrubs and the values of the J index are presented in Table 3 .
In contrast, life forms in the subfamily Malvoideae were predominantly herbs and shrubs and seeds 
Statistical analysis
Mean values of the J index were compared by ANOVA (IBM SPSS statistics v25) between three groups of species according to their life form (trees, shrubs and herbs) as well as between the two groups of subfamilies in the Malvaceae (Malvoideae and others).
RESULTS
Seed images adjusting to cardioid models (the J index values superior to 90) were found in three of the families: Bixaceae (cardioid detected in one out of three genera observed), Cistaceae (cardioid detected in one out of eight genera observed), and Malvaceae (cardioid detected in eight out of 52 genera observed).
In the Bixaceae, with a total of four genera and 21 species, seeds were observed in four species: Amoreuxia wrightii A. Gray, Bixa orellana L., Co chlospermum orinocense (Kunth) Steud., and Co chlospermum vitifolium (Willd.) Spreng. Similarity to a cardioid was detected in Cochlospermum vitifolium (Fig. 3, left) . In the Cistaceae, with eight genera and 207 species, seeds were observed in all genera (Cistus L., Fumana (Dunal) Spach, Halimium (Dunal) Spach, Helianthemum Gray, Hudsonia L., Lechea Kalm ex L., Tuberaria (Dunal) Spach, and Xolantha Raf.) and similarity to cardioid was de- of species in this subfamily had higher values of the J index (Table 4) . This is associated with resemblance to a cardioid in a larger number of genera. Seeds of eight genera gave similarity to the cardioid: Abelmos chus Medik., Abutilon Mill., Althaea L., Hibiscus L., Iliamna Greene, Kosteletzkya C. Presl, Malva Tourn. ex L., and Malvastrum A. Gray (Fig. 4) . Seeds of other species resembled cardioid or modified cardioids giving the J index values close to 90, but did not reach this threshold value:
Seeds of the species in other genera resembled different geometrical figures (mainly ellipse and ovoid). The results were not quantified using these models. The J index was always calculated with the cardioid.
Comparison of the mean J index values between Malvoideae and the other subfamilies revealed differences with higher values in the Malvoideae (mean Malvoideae = 83.80; mean other subfamilies = 70.91; significance at p = 0.001). Comparison of the mean J index values between species grouped in three classes according to their life forms (trees, shrubs, herbs) revealed differences with the higher J index values in herbs, intermediate in shrubs and lower in trees (Table 5 ).
DISCUSSION
Seed shape is an important factor in plant taxonomy and ecology and also may be useful for mutant phenotyping (tanaBata et al., 2012) as well as in 
Annual herb 66.6 (1) the description of plant responses to biotic and abiotic stress (JaMil et al., 2017) . Shape in biological objects is often described based on automated methods of boundary analysis such as Fourier descriptors (Gonzalez & Woods, 2007; SethareS, 2012) , but seed shape is related to geometric figures and for quantification it is possible to compare the outline of an image with geometric models giving the result in the form of percent of similarity with this figure. For this purpose, the cardioid, ellipse and ovoid figures are used to describe well the shapes of seeds . The cardioid is the curve generated by a point of a circle rolling over another circle of the same radius (ranGel-MondraGón, 2011) . In biology, many structures resemble the cardioid, because it represents the image of a body growing from a point of insertion, static (thoMPson, 1992) . Often different geometrical figures may fit the outline of the seed images in a given taxonomical group, for example, in the Ranunculales we have observed seeds resembling the ovoid, cardioid, ellipse and other figures (Martín GóMez et al., submitted) .
The Malvaceae constitute an interesting model to investigate the relationships between life form and seed shape, because the family contains a diversity of life forms. Species of the Malvaceae do not constitute the dominant form in many ecosystems, but they are in the Equatorial Pacific region located in western Ecuador and north-western Peru, where the Bombacoideae subfamily constitutes a great component of the woody vegetation (GentrY, 1993; linares-PaloMino et al., 2010) .
Comparison of the J index values in diverse spe- (riChardson et al., 2015) , nine species of the Bombacoideae contribute to the Ecuatorian and Peruvian Seasonal Dry Forest (SDF). It may be interesting to investigate seed morphology in these species. A high rate of diversification in Malvoideae has been attributed to numerous carpels and to their schizocarp structure (areCes-Berazain & aCkerMan, 2017), but also the herbaceous form together with cardioid resembling seeds may have played a role in the diversification of the subfamily Malvoideae, allowing their colonization during the Tertiary and Quaternary Eras of larger regions of the planet. These hypotheses need to be evaluated in other botanical groups combining quantitative structural studies with other data from paleobotany and molecular phylogenetics.
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MALVACEAE SĖKLŲ FORMOS VERTINIMAS ATSKLEIDĖ ŠIRDIŠKOS FORMOS SĖKLŲ DOMINAVIMĄ ŽOLINIUOSE AUGALUOSE
José Javier Martín GóMez, Diego Gutiérrez del Pozo, Emilio Cervantes Santrauka genčių, tarp kurių aštuonios priklausė Malvaceae ir dvi Bixaceae ir Cistaceae šeimoms. Nustatytas J indekso ryšys su augalų gyvenimo forma. Žolinių augalų sėklos turėjo didesnį J indeksą, krūmų -vidutinį, o medžių sėklos mažiausias J indekso vertes. Rezultatai parodė ryšį tarp sėklų formos ir augalų formos, širdiškos formos sėklos dažnesnės tarp žolinių augalų ir krūmų.
Buvo tirta Malvaceae ir kitų Malvales šeimų augalų sėklų forma. Sėklos buvo vertinamos pagal jų atitikimą taisyklingai širdiškai formai. Atitikimas tarp dviejų formų buvo įvertintas naudojant J indeksą, išreiškiantį jų panašumą procentais ir yra reikšmingas, jei > 90 proc. Buvo analizuotos 105 augalų rūšių, priklausančių 73 gentims, sėklos. Širdiškos formos sėklos buvo nustatytos dešimtyje
